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INTRODUCTION

The aeromagnetic map of Philip Smith Mountiins
quadrangle is remarkably featureless, owing to the
absence of magnetic crystalline rocks within tie
thick sedimentary sequence of the northern Broks
Range. Hence, aeromagnetic data are of little¢ use
in delineating the configuration of near-surfice
rock units. Because of the very weak horizon:al
gradients caused by geologic features, the mg is
highly susceptible to errors caused by drapeé fly-
ing at a varying altitude within the vertical
gradient of the Earth's magnetic field and by time
variation of the Earth's magnetic field. The only
major aeromagnetic highs occur in the northern part
of the quadrangle and are caused by deep-seated
sources of unknown rock type which have regional
extent. Consequently, part of the following dis-
cussion deals with regional magnetic anomalies
which lie principally outside Philip Smith Moun-
tains quadrangle.

The following interpretation was made without
benefit of field observation, after geologic map-
ping was completed (Brosgé and others, 1977).

AEROMAGNETIC DATA

The aeromagnetic map of the Philip Smith Moun-
tains quadrangle was flown by Geometrics in 1976
and released by the U.S. Geological Survey in 1977.
The data were collected along north-south traverses
spaced 1.6 km apart. A Doppler system was used for
navigation. The regional magnetic field, containing
a trend of 1.35 gammas/km north and 1.90 gammas/km
east, was removed using the 1975 International Geo-
magnetic Reference Field updated to 1976.

Topographic effects and time variations

The aircraft flew a nominal 300160 m above ter-
rain (draped flying) unless terrain conditions
demanded larger deviations in order to adhere to
safety regulations. In practice, in the mountainous
southern part of the quadrangle, the radar altimetry
records show that the aircraft typically flew 300 m
above ridgetops and 500 m above adjacent valleys.
Over deep narrow valleys, however, the aircraft flew
as much as 750 m above terrain, and cleared the high-
est ridgetops by as little as 50 m.

Over terrain composed of magnetic rocks, imperfect
draped flying like that described above manifests
itself as magnetic highs over ridgetops and lows over
valleys. The effects are most easily seen in the
radar altimetry and magnetometry strip charts. 1In
the southern part of the Philip Smith Mountains quad-
rangle, variations in the height of the aircraft above
ground of 200-500 m caused 3-5 gamma changes in the
magnetic field, with the highs occurring over ridges
and lows over valleys. Hence, the surface or near-
surface rocks of the southern part of the quadrangle
are magnetic, but very weakly so.

Another terrain effect, opposite in sigm, occurs
over valleys and ridges which are broad enough to
allow the aircraft to maintain a constant elevation
above ground. In the Philip Smith Mountains quad-
rangle, the vertical gradient of the Earth's dipole
magnetic field, positive downward, is about 27
gammas/km. Descending into the Atigun River valley,
for example, which is 600-900 m deep, the aircraft
encountered a 16-24 gamma increase in the Earth's
dipole field. An examination of the aeromagnetic
map (T. 11-15 S., R. 11-12 E.) shows that a magnetic
high with amplitude between 5 and 15 gammas follows
the Atigun River valley. The difference between the
predicted 16-24 gammas and the observed 5-15 gammas
probably results from the weak but non-zero magneti-
zation of surface or near-surface rocks described in

the preceding paragraph.

Other river valleys besides the Atigun River
valley, occurring in the southern two-thirds of the
gquadrangle, have weak magnetic highs associated with
them. The highs associated with the valleys are
indicated by elongate plus signs where they coincide
with the valleys and by question marks where they
diverge from the valleys. The question mariks may
indicate genuine, weak highs caused by magnietic rock,
or they may indicate topographic highs disp)laced from
valleys by navigation errors.

Other river valleys, marked by lines of’ circles,
do not have highs associated with them. As many of
these valleys are elongate transverse to the flight
lines, the aircraft may not have descended as deeply
into them as it descended into valleys parallel to
the flight lines. In some cases, however, the ab-
sence of highs may be caused by vertical magnetic
gradients opposite in sense to the vertical gradient
of the Earth's dipole field. Such gradients, posi-
tive upward, are expected to occur within the magnetic
lows that flank magnetic highs because the amplitude
of the lows decreases with increasing distance from
the source. Two possible examples occur im the
Saviukviayak River valley, between highs E and I,
and in the unnamed valley south of high F.

The correct approach to terrain and elesvation
effects would be to remove them analyticallly, using
radar altimetry, and either digitized topogjraphic
maps or digital barometric altimetry, measured along
flight lines. However, of these three data sets,
only analog radar altimetry is available, so a
terrain- and elevation-corrected map has not been
made.

In many areas, low-amplitude anomalies and
inflections (fine structure) in the magnetic field
caused by susceptibility contrasts near the top of
the basement, can be used to estimate the depth to
magnetic basement. The aeromagnetic map of the
Philip Smith Mountains quadrangle is inadequate for
this purpose because the 10 gamma contour interval
is too coarse, and short-wavelength anomalies were
filtered out prior to contouring.
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Attempts were made to find geologically signif-
icant fine structure in the raw aeromagnetic profile
data and in an unfiltered aeromagnetic map with a 2
gamma contour interval. The 2 gamma contour map is
marred by strings of 2-10 gamma highs and lows occur-
ring on individual flight lines. The source of these
anomalies could be time variations in the Earth's
magnetic field for, according to contract, data col-
lection was permitted during changes as rapid as 3
gammas per minute. The raw profiles contain many
short-wavelength highs of 3-5 gammas which correlate

‘with topography. ©No fine structure could be found on

either the map or profiles which could be used to
make reliable estimates of basement depth.

Aeromagnetic anomalies within the Philip Smith
Mountains quadrangle

Eleven aeromagnetic anomalies, mostly highs, are
labeled A through K. These are the only anomalies on
the map which cannot be largely attributed to eleva-
tion effects. A number in parentheses gives the
length in kilometers of the steepest zone of constant
magnetic gradient bounding selected highs--an estimate
of the maximum distance between the magnetometer and
the top of the magnetic source (Vacquier and others,
1951). Lines drawn around the crests of closed highs
show the approximate areal extent of the sources of
the anomalies, estimated from charts A64_through A76
of Vacquier and others (1951). The sources may widen
at depth beyond the dimensions shown. Solid lines
delineate sources expected at or near the ground
surface and dashed lines delineate sources buried by
nonmagnetic cover. Anomalies caused by near-surface
sources are listed first, followed by those caused by
deeper sources.

The sources of highs A and B (in the southeastern
quadrant of the quadrangle) are estimated to lie a
maximum of 750 and 1000 m below the flight line, or
450 and 750 m below ground; mafic rock shown on the
geologic map is probably the surface expression of
the source.

Wiggles in the contour lines, labeled C in the
west-central part of the guadrangle, may possibly
indicate magnetic rock at the ground surface.

High D, which straddles the southern boundary of
the quadrangle, is caused by a source buried by about
500 m of sedimentary rocks.

High E, and an adjoining poorly defined high
labeled F in the northeastern quadrant of the quad-
rangle, are caused by sources buried by 1-2 km of
sedimentary rock. As there is no associated gravity
high (Barnes, 1977), the sources may be granitic
plutons.
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Figure l.--Generalized aeromagnetic map showing regional aeromagnetic
setting of the Philip Smith Mountains quadrangle. Black areas
are aeromagnetic highs identified on the aeromagnetic compilation
of Decker and Karl (1977). Owing to differences in datum and
flight line elevation and spacing, the darkened areas have quali-

tative significance only. Symbols
highs and lows from Barnes (1977).

(+ and -) indicate gravity
Letters E, G, I, and J denote

magnetic highs shown on the larger scale map.

Highs G, I, and J, in the western and northern
part of the quadrangle, are caused by sources buried
by 4-10 km of sedimentary cover. They are associated
with gravity highs of 5-15 mgal (Barnes, 1977). The
sources for these highs may be deep-seated mafic
intrusions.

The axis of the magnetic low separating highs G
and I is labeled H. It indicates a zone of nonmag-
netic rock in the basecment.

The axis of an ill-defined magnetic high on the
eastern side of the quadrangle is labeled K. It
probably indicates a weakly magnetic zone in the
basement or a deeply buried graben.

In the northern and western parts of the quad-
rangle, magnetic highs, often associated with gravity
highs, indicate the presence of magnetic basement,
shown on the interpretations at depths that range
between 4 and 10 km. In the southern and eastern
parts of the quadrangle, however, the magnetic field
is lower, and there are no magnetic highs caused by
deep-seated sources. This suggests a major boundary
crossing the quadrangle from southwest to northeast,
that separates magnetic basement to the north, con-
taining significant quantities of mafic rocks, from
a thick section of nonmagnetic sedimentary and meta-
morphic rocks to the south. Lack of resolution in the
data makes this boundary difficult to locate. It cer-
tainly lies south of highs G and I, and probably lies
south of highs E and J. Whether or not the sources
for highs F and K belong to the northern terrain, is
impossible to tell.

Regional aeromagnetic setting

Figure 1 is a small scale, generalized aeromagnetic
map of a 4° by 14° area centered on the Philip Smith
Mountains quadrangle. The data are from a compilation
by Decker and Karl (1977) of several aeromagnetic sur-
veys flown at different line spacings and elevations,
so differences in magnetic texture must be interpreted
with caution.

South of the Philip Smith Mountains guadrangle, the
anomalies typically have high amplitude and short wave-
length and trend approximately east-west (Zone I).
North and west of the Philip Smith Mountains quadrangle,
the anomalies have moderate amplitude, long wavelength,
and typically trend northwest-southeast (Zone III).
Highs E, G, I, and J, in the northern part of the
Philip Smith Mountains gquadrangle, and possibly highs
F and K, shown on the larger scale map, belong to Zone
III. An intermediate zone (Zone II), which contains
the southern half of the quadrangle, is characterized
by low magnetic relief and closed magnetic lows.

Two alternative boundaries are drawn between Zones
I and II. The boundary composed of dashes and question
marks is identical to the boundary between areas A and
B of Brosgé and others (1968); it separates short-
wavelength magnetic highs to the south from longer
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wavelength, low-amplitude highs to the north. The
alternative boundary, shown by a solid line, lies
north of the long-wavelength, low-amplitude highs.
The boundary between Zones II and III is poorly
determined, especially outside the Philip Smith
Mountains quadrangle, where it is shown by dashes
and question marks.

The short-wavelength anomalies of Zone I are caused
by magnetic metamorphic rocks and granite exposed at
or near the ground surface (Cady, 1978). The rocks of
Zone II are principally sedimentary rocks which overlie
the metamorphic rocks of Zone I. Presumably, magnetic
metamorphic rocks and granite, if present beneath the
exposed sedimentary rocks of Zone II, are so deeply
buried that they have no aeromagnetic expression.

The rocks which cause the magnetic highs of Zone
IIT are buried 1-10 km, according to rough depth esti-
mates made by the method of Vacquier and others (1951).
Many of the magnetic highs are associated with gravity
highs from the map of Barnes (1977), shown with plus
signs on figure 1. It is highly probable that portiorns
of the basement in Zone III are dense and magnetic
(probably mafic or ultramafic in composition). The
boundary between Zones II and III truncates the
southeast trend of the magnetic highs of Zone III.
The boundary probably marks a transition between mag-
netic mafic or ultramafic basement rocks to the north-
west and nonmagnetic or weakly magnetic metasedimen-
tary and metavolcanic basement rocks to the southeast;
this transition may extend to a depth of 10-15 km in
the crust.
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